It has long been recognised that exposure to external ionising radiation may result in a posterior polar cataract in rats,' rabbits,2 and man,3 the primary injury being to the cells in the germinative zone of the lens epithelium. This is a single layer of cells under the capsule on the anterior face of the lens only. The cells ofthe germinative zone continue to divide throughout life (at an ever decreasing rate), and the daughter cells gradually differentiate into lens fibres which make up the body of the lens.
lonising radiation permanently damages the cell nucleus in such a way that the products of cell division are abnormal and do not form normal lens fibres. The cell debris and abnormal fibres, resulting from division of the irradiated cells, gradually move from the equator to the posterior pole of the lens, where they form a disorganised plaque of material opaque to light. The higher rate of cell division in the young lens correlates with its greater sensitivity to radiation.45 Some of the peculiarities of radiation cataract arise from the fact that new lens fibres are laid down throughout life by slow proliferation of epithelium, so that, since no phagocytic system exists (the lens is enclosed in a capsule which is impermeable to cells), a damaged epithelial cell contributes permanent damage to the lens in the form of a damaged fibre. With the continuous growth with age, the damaged cells and fibres get 'pushed' under the capsule to the posterior pole of the lens and form a posterior polar cataract. Further opacities may later develop throughout the lens, and the condition then cannot clinically be distinguished from a senile cataract.
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Little consideration, however, has been given to the possible cataractogenic effects of radionuclides deposited within the eye from the blood stream, though it is known that such deposition may occur. Stover et al. 6 reported that there was prolonged retention of 239Pu, an alpha particle emitter, in the eyes of beagles after intravenous injection. Four years after the injection the concentration in the eye as a whole was a little over 10 times that in serum.
When the 1'9Pu was estimated in the separate parts of the eyes of dogs it could not be detected in cornea, lens, or vitreous body but was highest in iris and choroid, the pigmented parts.7 The eyes of dogs cannot, however, be directly compared to the human eye since part of the choroid is replaced by a tapetum lucidum-a structure not found in man.
Non-radioactive barium and strontium are normally present in the choroid and iris of cattle, pigmented rabbits., and, in lower concentrations, in man. x26Ra2 228Th, and 210Po have been found in the choroid and iris of cattle. The concentration of 226Ra noted was comparable with that in bone.9 Radioactive strontium, 9"Sr, also concentrated in iris, ciliary body, and choroid of the pigmented rabbit eye, and there was only a slow release from these tissues.'0 9"Y, on the other hand, a decay product of 'Sr, was not found to be concentrated in pigmented areas of the rabbit's eye like "'Sr but in the retina.
Further, Holtzman and Sha" measured the radium and calcium content in the eyes of two persons with a known high body burden of 226RA. They found the greatest concentration of 226Ra was in the sclera, iris, and choroid and similarities between the Ra/Ca ratio in the human choroid and that in bone (whole body). 219
They suggest this may indicate that the dose rate to the choroid may be similar to that of bone. This is clearly wrong. The calcium concentration in the bone is very much larger than in the choroid, so that, with the radium and calcium ratio the same, the concentration of radium in the bone and therefore the dose is much larger in bone than in the choroid.
The importance of this uneven distribution of radionuclides within the eye, as far as cataractogenesis is concerned, is that the iris and ciliary body lie adjacent to that area of the lens epithelium in which the radiosensitive cells, capable of division, are situated. These cells are the forerunners of the lens fibres, but after irradiation the daughter cells degenerate before fibre formation begins, and it is these degenerate cells and ill-formed fibres that are the histological counterpart of the radiation cataract at the posterior pole of the lens.
We report here the appearance of a cataract removed from the eye of a relatively young man of 47, which, we suggest, may have been caused, at least in part, by internal radiation from radionuclides deposited in the pigmented tissues of the eye.
Case report
Mr A at the age of 23 started work in June 1950 at an establishment where he might be exposed to ionising radiation. In 1971 it was recorded that his vision was becoming impaired, but he worked there until October 1974, when he was withdrawn on account of his poor eyesight. He was at first an x-ray operator, a post which he held (and in which he would be subject to x-ray photon irradiation) for about a year until 1951, when he became a process worker in the technical department until 1974. During this period he was potentially subject to all the radiation hazards associated with the type of work involved, namely, plutonium ingestion, external exposure to beta and gamma rays and fast neutrons, and inhalation of plutonium and other alpha and beta emitting radionuclides.
Up to 1970 the practice of the establishment was to assume that eye doses were the same as the whole body doses, which were measured by a film badge worn at chest level. In 1971 lead-loaded rubber aprons were introduced to provide extra whole body protection in certain work where it was not possible to provide adequate shielding in the 'glove boxes.' The chest level film badge was worn under the apron to record the whole body dose, and it was thought that the eye dose could be assessed by multiplying the whole dose by a calculated factor. Measurements, however, showed that this approach was not satisfactory (it overestimated the eye dose, and the factor differed with type and place of work). Therefore late 12 Between 1970 and 1974 Mr A was involved in three known incidents involving contamination of his face with plutonium. In four other incidents his hands or his hands and face were recorded as exposed to alpha irradiation. In all cases the contamination was reported as small and removed within 24 hours by simple procedures. From these incidents, and from his general work, some plutonium must, however, have reached the blood stream, since in 1974 the best estimate of his current plutonium burden was 2 nCi, estimated from urinary excretion. It is recognised that such urinary excretion methods are far from satisfactory for a variety of reasons.'3 14 They can give only an approximate indication of the body burden and in practice usually overestimate this. Measurement in the whole body monitor for 239Pu in the lung was negative. He had never used a microwave oven at home and had not worked in a radar environment.
On account of his poor eyesight Mr A was referred to one of us (TPG), who reported on 23 January 1975: 'The left eye shows some subcapsular lens opacities more marked in the region of the posterior pole; a polychromatic lustre was noted in one small area of these posterior pole opacities. There were also a few opacities near the anterior pole of the lens with the appearance also of one small vacuole. It is possible that Mr A's cataracts may have been due to radiation. The appearance at the moment is not quite typical although it is noted that there is no report of any family history of premature cataract in the fanmily, it is also noted that Mr A is relatively young to be normally expected to develop cataract. ' After removal of the left lens TPG reported on 20 September 1976: 'the "sunflower" appearance of the cataract suggested that this was a complicated *cataract with some toxic process being involved. I know of no specific evidence for the type of left lens opacity (or cataract) present being due to radiation. ' In 1977 a cancer (transitional cell type) of the pelvis of the left kidney was removed. Naked eye examination of the extracted lens, fixed in formalin, showed diffuse opacities in the anterior cortex and an opacity at the posterior pole of the lens just under the capsule, together with striate opacities radiating from this into the deeper posterior cortex of the lens Fig. 1 . Sections of the lens were made and stained with haematoxylin and eosin. The human cataractous lens is a notoriously difficult material, being liable to fracture during sectioning. Mr A's lens was no exception, and the posterior capsule of the lens detached during the process. Fig. 2 is a photomicrograph of the posterior pole area of the lens taken at high magnification. Fig. 3 is a photomicrograph at a lower magnification which includes the same area as Fig. 2 . Disorganisation of cortical lens fibres stretched from the posterior to the equator and anterior pole (Figs. 4 and 5) . The deeper posterior cortex was also involved, giving rise to the striate opacities seen in the whole lens before sectioning (Fig. 1) . Part of the disorganisation in the anterior cortex may have been due to trauma during cryoextraction of the lens at operation.
The epithelium, viewed in section, showed gaps between epithelial cells and in other places vacuoles or reduplication of the normal single layer of epithelium (Fig. 6) ; some cells had pyknotic nuclei (Fig.  7) . The sections we have examined did not show any dividing cells, normal or abnormal, nor the spindle shaped cells described by Hayes and Fisher."5
Discussion
We have described the appearance during life and the subsequent histological examination of a cataract affecting primarily the posterior pole of the lens of a man of 47, which had some of the characteristics of cataracts induced by external radiation.3 Mr A's cataract started in the posterior polar region. This parallels the development of cataracts in the populations of Hiroshima and Nagasaki that have been accepted as due to external radiation. 16 Extraction of a posterior polar cataract, or of a senile cataract, is extremely rare below the age of 50.'" Studies in an Oxfordshire population of 17 695 men aged 40-49 yr over a six-year period found only seven posterior Hayes and Fisher'5 have described posterior polar cataracts extracted from a man who had been exposed for 11 y to low dosage x rays. The lenses were removed 26 yr later at the age of 65 yr (personal communication). In most respects the histological and clinical appearance of this lens corresponded with that of Mr A, though feathery fibres were not noted in Mr A's lens, perhaps due to differences in fixation and staining methods. Extraction of Mr A's lens was needed a year and nine months after the posterior polar opacity was first seen clinically, and by that time further changes had taken place, as they had in the lens described by Hayes and Fisher. '5 A posterior polar subcapsular cataract may occur with the more common features of senile cataract in older age groups. In some patients there may be a recognised cause-for example, trauma or local ocular disease such as retinitis pigmentosa, gyrate atrophy, or uveitis. Other known causes are dystrophia myotonica, systemic steroids, radiation, anorexia nervosa, retinal detachment, absolute glaucoma, intraocular tumours, cyclitis, and iridocyclitis. It must also be recognised that it may be impossible to assign a known cause to a particular In considering the possible aetiology of the present cataract it should be noted that it occurred in a man of 47 years. The extraction of a posterior polar cataract is extremely rare in a middle aged man.'" The classic senile cataract occurs in older age groups. In any other person than Mr A the cataract would have been regarded as the unique cataract, originating at the posterior pole, to be found in a large population of the middle aged, but in view of his exposure to radiation the origin of his cataract at least merits discussion. Mr A had been exposed to low levels of external irradiation but was also known to have a small body burden of 239Pu. It is possible therefore that the sensitive cells of the lens may have been irriadiated also by alpha rays from plutonium deposited from the blood stream in the pigmented epithelium of the iris and ciliary body, which are adjacent to the radiation sensitive cells in the germinative zone of the lens epithelium.
Basing their conclusions on available clinical evidence the International Commission on Radiological Protection'8 '9 have recommended that cataract should be regarded as a form of injury, with a dose threshold above 30 rem per year for a life time, and that the occupational dose limits for external radiation of the lens should be 0-3 Sv (30 rems) a year. Cataract is regarded by the ICRP as a 'nonstochastic' effect, that is, its severity varies with the dose, and a threshold dose is 'therefore to be expected. The latest dose, using the 'best' model in the statistical sense, for lenticular opacities among atom bomb survivors is 110-147 rads for gamma rays. The question whether there is a threshold for neutrons remains uncertain.'6 The total external radiation dose recorded as received by Mr A over 24 years was equivalent to about two years' exposure at the dose limit for the eye and thus well below the threshold for the occurrence of external radiation-induced cataract. Again the small body burden of plutonium, (2 nCi) as estimated from urine examination, was well below the occupational dose for the whole body. It is however known that 239Pu retention in the human eye exceeds that in many other soft tissues.2' Autoradiographic studies . Some at least of the alpha radiation would be within reach of the radiation sensitive cells in the germinative zone of the lens epithelium, since the range of an alpha particle of plutonium is about 35 jtm in tissue,2' and the distance between the iris and the sensitive cells lies within the same range.22 Such local irradiation by alpha particles would be expected to be more effective than external penetrating radiation, since alpha particles have a greater biological effect than either gamma rays or neutrons as recognised by the quality factor used in calculating absorbed dose for different types of radiation. The quality factor for alpha particles is 20 compared with 1 for gamma rays and 10 for neutrons. 8 In an early series of observations on a small number of young rabbits Von Sallman and his colleagues found alpha particles to be more cataractogenic than x rays or gamma radiation dose for dose. 22 Although there are no reports of cataract due to ingested or inhaled plutonium in man or in experimental animals, there is some evidence that cataract is a possible hazard from the therapeutic use of, or industrial exposure to, radium isotopes.
A high incidence of cataract and conspicuous multiple naevi of the iris was first reported in a group of patients given therapeutic amounts of 224Ra in childhood for the treatment 4 Many women have been exposed to 226Ra and 228Ra through their work as painters of the luminous dials of watches. Loscher27 reported bilateral posterior subcapsular cataracts in a 56-year-old woman who had worked for 25 years painting luminous radium dials and concluded that these were due to her occupational exposure to radium, which would have included external exposure to gamma rays.28 More recently Adams et al. 28 have surveyed 813 women who were exposed as dial painters before 1930 at a mean age of about 19 years. There were 119 cataracts of unspecified type. The time between first exposure and diagnosis of cataract was less in those whose calculated radium intake to the blood was greater than 50 tiCi (140 women) than in those whose intake was lower than this (673 women). The authors conclude that more work is needed before deciding whether or not the cataracts were due to radiation. Though they suggest that duration of employment may be used as an index of the possible participation of external radiation sources in the working environment, they do not discuss whether the radiation involved in cataract induction was alpha particle radiation from 226Ra deposited in the pigmented tissues of the eye or gamma radiation from exposure to environmental sources as is proposed in the case of excess breast cancers in British luminisers.29
No excess of cataracts is reported in a large group of patients (approximately 3900) given thorotrast,-' a contrast medium containing 232Th. The decay chain of 232Th contains both 226Ra and 224Ra.
